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Abstract: Body composition is a key component for maintaining good general health and longevity.
It can be influenced by a variety of factors, including genetics, environment, and lifestyle choices. The
assessment of body composition is an essential tool for nutrition specialists to effectively evaluate
nutritional status and monitor progression during dietary interventions. As humans age, there is a
natural increase in fat mass coupled with a gradual decline in lean mass, specifically in bone and
muscle mass. Individuals with a high body fat percentage are at a greater risk of cardiovascular
diseases, type 2 diabetes, several types of cancer, and early mortality. Significant decreases in
bone mineral density signify osteopenia and osteoporosis, while reductions in skeletal muscle mass
increase the risk of developing sarcopenia. Moreover, undernutrition exacerbates the effects of many
medical conditions and is important to address. Though weight tracking and calculation of BMI are
used commonly by clinicians and dietitians, these measures do not provide insight on the relative
contributions of fat mass and fat-free mass or the changes in these compartments that may reflect
disease risk. Therefore, it is important that healthcare professionals have a critical understanding of
body composition assessment and the strengths and limitations of the methods available.
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1. Introduction
An individual’s nutritional status is defined as “the condition of the body, resulting
from the balance of intake, absorption, and utilization of nutrients and the influence of
particular physiological and pathological status” [1,2]. The assessment of nutritional status
has major relevance at both the individual level, as is the case for clinical practice, and
among populations, as used in epidemiologic and public health research, to determine
the presence of increased risk for nutrition-related conditions [2]. Anthropometric and
body composition assessments are used to routinely detect or diagnose several important nutritional problems among adults and youth, including being overweight, obesity,
undernutrition, osteoporosis, sarcopenia, and sarcopenic obesity.
When determining a patient or client’s nutritional status, nutrition specialists (e.g.,
dieticians, expert clinicians) begin with a nutritional risk screening. The tools used in
this screening assessment must be easy to use, time efficient, accurate, and standardized,
allowing for adequate reliability between different assessments and assessors without a
substantial increase in measurement error. Because there is no “silver bullet” measurement
tool, practitioners are prompted to use a holistic approach to increase the validity of the
screenings. Clinicians and dieticians most commonly use recent weight loss, current
body mass, recent food intake, and medical history questionnaires during daily routine
assessments [3,4]. Additional nutritional risk screening tools exist, including the Nutritional
Risk Screening 2002, the Malnutrition Universal Screening Tool, and the Mini Nutritional
Assessment, each one varying in its intended population [3,5]. However, as useful as
the aforementioned tools are, certain inherent weaknesses exist amongst them, such as
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subjectivity, lack of sensitivity and precision to subtle changes in nutritional status, and
inability to account for specific tissues of the body (e.g., fat mass, bone mineral content,
and skeletal muscle mass). For these reasons, clinicians, dieticians, and other nutrition
specialists should look to incorporate specific body composition assessment techniques for
further insight into an individual’s nutritional status.
Body composition assessment divides an individual’s total body mass into the relative
proportions of fat mass (FM) and fat-free mass (FFM); FFM is comprises muscles, bones,
organs, ligaments, tendons, and water. The quantification of fat, muscle, bone, and water
are highly informative in the diagnosis, management, and treatment of several nutritionrelated conditions that impact individual and population health. Once an individual’s
nutritional status has been determined following a nutritional risk screening, clinicians,
dieticians, and other practitioners are then responsible for developing a protocol to achieve
certain health-related outcomes. These outcomes can range from weight loss in overweight
or obese clients with or at-risk for diabetes mellitus type 2 to significant increases in lean
tissue mass or bone mineral density in patients with sarcopenia or osteoporosis. Though
baseline assessments allow for the initial construction of a dietary program, frequent
adjustments and the tracking of changes are necessary throughout its duration in order
to gauge progression and establish realistic short-term goals. Understanding the best
body composition assessment techniques and practices will allow nutrition specialists to
perform these duties more effectively. Therefore, the aim of this review is to provide an
overview of various body composition assessment methods that are relevant to common
nutrition-related conditions.
2. Clinical Relevance of Body Composition Assessment
The primary purpose of measuring body composition in clinical settings is to evaluate nutritional status through the quantification of FM, FFM, bone mineral content,
and/or body water (intracellular and extracellular). Assessment of nutritional status is
recommended in clinical practice for hospitalized patients and at-risk outpatients with
nutrition-related conditions [5,6]. While there is currently not a universally accepted best
method for the assessment of nutritional status [3,7,8], body composition provides valuable
information that contributes to the identification, diagnosis, and management of several
medical conditions for which nutrition therapy is indicated. A general understanding of the
methodology, advantages, limitations, and impracticalities of current and emerging body
composition assessment tools is beneficial for clinicians, dietitians, and other practitioners
who play an integral role in nutrition management. Moreover, with healthcare becoming
more outcome-driven, it is necessary that valid and reliable methods are used to evaluate
the efficacy of various nutrition interventions.
Obesity is classified as a worldwide epidemic that adversely affects health and
longevity. Excess adiposity increases the risk of cardiovascular diseases [9], type 2 diabetes [10], several types of cancer [11], and early mortality [12]. In the United States,
more than 70% of adults are classified as overweight or obese based on body mass index
(BMI) [13], with over $100 billion spent annually on medical costs related to obesity [14].
Obesity has even been associated with a higher risk of hospitalization and placement on
mechanical ventilation among individuals with coronavirus disease 2019 (COVID-19) [15].
Body composition assessment enhances the diagnosis of obesity and the monitoring of
responses to obesity treatment programs, which is highly relevant to the management of
obesity-related chronic diseases.
Despite the high prevalence of obesity, undernutrition and malnutrition are significant
nutritional problems that are often detected with anthropometric and/or body composition
assessments. Chronic undernutrition is defined as a progressive decrease in both FFM and
FM that diminishes the general quality of health [16]. This condition is more prevalent in
low-resource settings and can be attributed to multiple factors, including food insecurity,
poverty, and illness [17–19]. Undernutrition has been linked to negative impacts on morbidity, hospital stay duration, quality of life, health care costs, and mortality [16,20–23]. The
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prevalence of undernutrition among older adults, patients with various chronic diseases,
and hospitalized patients has continued to increase over time, with at least one-third of
admitted adult patients being malnourished [16,17,20–23]. According to a meta-analysis
involving 240 studies, malnutrition has been reported in 3.0% of community dwelling
older adults, 6.0% of those in outpatient care, 8.7% among those receiving home care
services, 22.0% of those with in-hospital stay, 17.5% of those in nursing homes, and 29.4%
in rehabilitation/sub-acute care [24].
In the U.S. and Europe, it has been reported that 30% of women have osteoporosis,
and that 40% of post-menopausal women and 30% of men will experience osteoporotic
fractures [25]. Osteoporosis is a major public health problem contributing to fractures,
loss of independence, and early mortality. Generally, individuals with osteoporosis share
the characteristics of being underweight through severely diminished lean tissue and fat
mass stores [26]. In the past, clinicians used low BMI values in older men (<20.9 kg/m2 )
and women (20.1 kg/m2 ) to evaluate the risk of losing basic living skills and developing
osteoporosis [26]. Over the years, because its diagnosis is based on the quantification of
bone mineral density, dual-energy X-ray absorptiometry (DXA) has become the criterion
indicator. The accuracy and precision of DXA scans can give clinicians and dieticians
greater knowledge of an individual’s status. Classification as having normal bone mineral
density, osteopenia, or osteoporosis allows for nutrition specialists to better prescribe
dietary and supplemental intake changes of calcium, vitamin D, and other nutrients to
treat the disease [27].
Another condition plaguing many older adults is sarcopenia, which is characterized
by reduced FFM, with a muscle mass index that is more than two standard deviations
below the sex-specific reference in a young, healthy population [2]. In addition to the observed significant atrophy of skeletal muscle, there are simultaneous decreases in muscular
strength and overall physical function, further increasing the risk of injury, disability, and
mortality [28]. Both sarcopenia and sarcopenic obesity, in which reduced FFM is combined
with increased FM, are recognized as important nutritional problems that place older
adults at higher risk of morbidity and mortality [2,29]. The combination of low muscle
mass and excess adiposity in an older adult poses significant adverse consequences on
functional capacity, resulting in diminished cardiorespiratory fitness and declining health
status [30]. Importantly, because BMI does not distinguish FM from FFM, it often does not
identify sarcopenia, particularly if the BMI value is in the healthy or overweight range.
Having accurate assessments of body composition will allow practitioners to monitor lean
tissue changes during a nutrition intervention and more efficiently prescribe protein intake
patterns and physical activity to promote optimal muscle building. Moreover, in the case
of sarcopenic obesity, simultaneous goals exist to increase skeletal muscle mass while also
decreasing fat mass. Greater nuance is needed by clinicians and dieticians to ensure that
significant muscle mass is not lost during weight loss phases and that a significant increase
in body fat percentage does not occur during weight gain phases. Therefore, it is important
to use a body composition assessment method that quantifies FM and FFM.
The routine assessment of body composition has also shown clinical significance for
the treatment of cancer, specifically as it pertains to cachexia and lymphedema. Cancer
cachexia falls under the umbrella of sarcopenia, where it is defined as a multifactorial
syndrome that causes extreme weight loss and muscle wasting, with or without the loss
of fat [31,32]. Cachexia can occur in up to 80% of patients with advanced stage cancer
and has been associated with nearly 20% of cancer-related deaths [33]. For the screening
and monitoring of cancer-induced cachexia, measuring total caloric and macronutrient
amounts are recommended in conjunction with regular and consistent tracking of weight
and BMI changes. In 2017, the European Society of Clinical Nutrition and Metabolism
published evidence-based guidelines for nutritional care and recommended that body
composition measures be added to expand nutrition-related assessments, aiding clinicians
in treating patients with cancer cachexia and researchers investigating the condition [34].
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With further progression, computer tomography (CT) is used for more in-depth analysis of
body composition changes [35].
Lymphedema is another condition most commonly observed during the treatment
of cancer [36]; however, increasing evidence has shown the potential link between lymphedema and obesity [37]. Lymphedema refers to the swelling present in the arms or legs
caused by damage or the removal of a patient’s lymph nodes, resulting in a blockage in the
lymphatic system that prevents lymph from draining properly [37]. Due to the swelling
located in the limbs of patients with lymphedema, segmental bioelectrical impedance
analysis (BIA) has demonstrated significant relationships with clinical measurements and
can be used as a practical tool for monitoring individuals during treatment [36,38].
Treatment for all of these conditions—obesity, undernutrition, osteoporosis, sarcopenia, sarcopenic obesity, cachexia, and lymphedema—necessitates accurate diagnosis to
implement the proper nutritional intervention and therapy. For these reasons, nutritional
management of at-risk patients should integrate strategies to accurately and reliably assess
body composition using a cost-effective medico-economic approach [6,39,40].
3. Methods for Estimating and Quantifying Body Composition
Several of the most commonly-used body composition assessment methods are presented in this review. Table 1 lists each method, the equipment needed, the assessment time
required, and the pros and cons of each. Anthropometric methods that provide proxies for
body composition, such as BMI and circumferences, are included for completeness, as they
are widely available, widely used, and have reference values that signify different levels of
health and disease risk.
Table 1. Body mass index and waist circumference classifications.
Weight Status Classification

Body Mass Index (kg/m2 )

Underweight
Severe Thinness
Moderate Thinness
Mild Thinness
Normal weight
Overweight
Obese, Class I
Obese, Class II
Obese, Class III

<18.5
<16.0
16.0 to 16.9
17.0 to 18.4
18.5 to 24.9
25.0 to 29.9
30.0 to 34.9
35.0 to 39.9
≥40.0

Waist Classifications

Waist Circumference

Risk Classification
Normal
Increased
Substantially increased

Women
<32 in. (80 cm)
≥32 in. (80 cm)
≥35 in. (88 cm)

Men
<37 in. (94 cm)
≥37 in. (94 cm)
≥40 in. (102 cm)

Source: Adapted from World Health Organization. 2008. Waist Circumference and Waist-to-Hip Ratio. Report of
a WHO Expert Consultation. Geneva: WHO.

Most body composition assessment methods are based on a two-compartment model
that separates the body into fat and fat-free components (i.e., FM and FFM, respectively).
Historically, hydrostatic weighing (HW) was the gold-standard assessment technique,
but the equipment, space, expertise, and time required, combined with high participant
burden, made HW impractical in most non-research settings. Dual-energy X-ray absorptiometry is currently the preferred criterion measure and has the advantage of quantifying
bone mineral content in addition to FM and FFM, making this a three-compartment, or
multi-compartment, model. Alternative methods for assessing body composition include
skinfolds (SKF), BIA, digital image analysis, air displacement plethysmography (ADP),
and sophisticated imaging techniques such as CT and magnetic resonance imaging (MRI).
Attributes that guide the optimal choice of body composition assessment method include
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accuracy, reliability, the condition for which it is being used, accessibility, cost, ease of use,
participant burden, and participant safety.
3.1. Body Mass Index (BMI)
Body mass index is the most commonly used anthropometric method to assess weightrelated health risk. The BMI method classifies individuals into specific weight status
categories that are associated with different levels of health risk (see Table 1) [41]. Advantages of BMI include the relative ease of performing height and weight measurements, low
cost, minimal participant burden, and standardized classification of health risk based on
large reference datasets. The utility of BMI is not only for classifying weight status, but
also for tracking changes at the individual or population-level over time, particularly in
response to individualized treatment or public health measures. The primary limitation of
BMI is that it does not distinguish between FM and FFM [42] and therefore may misclassify
some older adults as being a healthy weight (i.e., those with increased FM and decreased
FFM) and some athletes as being overweight (i.e., those with increased muscle mass and
relatively low FM).
3.2. Waist and Hip Circumferences
Circumference measures require only a tape measure to quantify the circumferences
of various anatomical locations, with waist circumference being one of the most notable
measures. Waist circumference can be used to identify excess abdominal adiposity, with
values >80 and >88 cm in women and >94 and >102 cm in men reflecting increased risk and
substantially increased risk, respectively, for metabolic complications [43,44]. Waist-to-hip
ratio (WHR) and waist-to-height ratio (WHtR) also reflect excess abdominal adiposity
when WHR values are ≥0.85 in women or ≥0.90 in men or when WHtR ≥0.50 (women and
men). High values for these measures are associated with various chronic cardiovascular
and metabolic diseases as well as early mortality [42]. Although circumference measures
are informative and practical to obtain, they do not quantify FM and FFM and therefore do
not provide a measure of body composition.
3.3. Skinfolds (SKF)
The SKF technique is an inexpensive method to estimate %Fat by measuring the
thickness of skinfolds at different sites of the body using calipers. This method is based
on the principle that the amount of subcutaneous fat is proportional to the amount of
total body fat. The specific skinfold sites and number of sites vary depending on which
equation is used to estimate body density (Db). Common Db equations are sex-specific and
include three, four, or seven skinfold sites; some also include circumference measurements.
As examples, a three-site method for men may include triceps, chest, and subscapular
skinfolds or chest, abdomen, and thigh skinfolds; three sites for women may include
triceps, abdomen, and suprailiac skinfolds. A common seven-site method for men and
women includes chest, midaxillary, triceps, subscapular, abdomen, suprailiac, and thigh
skinfolds [45–47]. To perform this technique, the assessor pulls the fold of skin and
subcutaneous fat away from the underlying muscle and then places a skinfold caliper
over the fold. The pressure-sensitive caliper adjusts to the skinfold thickness and provides
a measurement in mm. Metal calipers are preferred (see Figure 1); plastic calipers also
are available. To compute %Fat, FM, and FFM, the SKF measurements are summed and
inserted into the applicable sex-specific Db equation. The %Fat is then calculated from the
Db using one of the following equations [48,49]:
%Fat = [4.95/Db − 4.50] × 100

or

%Fat = [4.570/Db − 4.142] × 100
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Accuracy and reliability vary widely among BIA instruments. A number of studies
have demonstrated the validity of both single-frequency and multi-frequency devices,
concluding that BIA may be used as an alternative to DXA for whole-body and segmental
body composition assessment in large groups (see Figure 3) [53,54]. However, singlefrequency devices and segmental measures demonstrate the largest differences when
compared to DXA, with the inaccuracy increasing in conjunction with higher levels of
BMI [55–58]. Previous research has also shown BIA scales to give inaccurate estimates of
bone mineral content in comparison to DXA [59,60], while other research has demonstrated
that BIA-derived bone mineral content can be used in multi-compartment models in
place of DXA [61]. The accuracy of the devices is also affected by the regression used
by the device in question, with many manufacturers using their own equations derived
during the internal validity testing of the product in question. However, many of these
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3.7. Dual-Energy X-ray Absorptiometry (DXA)
3.7.
Dual-Energy X-ray Absorptiometry (DXA)
DXA has become the preferred method for assessing body composition, with a notaDXA has become the preferred method for assessing body composition, with a noble advantage being that it provides a multi-compartment assessment that includes bone
table advantage being that it provides a multi-compartment assessment that includes
[68,69]. Multi-compartment models have the ability to distinguish multiple tissue compobone [68,69]. Multi-compartment models have the ability to distinguish multiple tissue
nents, which reduces the assumptions from which body composition estimates are based
components, which reduces the assumptions from which body composition estimates are
and increases the accuracy [70,71]. The DXA instrument measures tissue absorption of
based and increases the accuracy [70,71]. The DXA instrument measures tissue absorption
high- and low-energy X-ray beams that pass through the individual lying supine on the
of
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3.8. Computed Tomography (CT) and Magnetic Resonance Imaging (MRI)
CT and MRI are imaging techniques that provide cross-sectional images of specific
body regions in the form of a plane through the body (see Figure 6) [51,72]. The results
from these imaging methods are considered the most accurate means of quantifying
body composition at the tissue–organ level and have significantly impacted the scientific
understanding of body composition and its relation to disease risk and outcome [51,73].
Both CT and MRI allow for the segmentation of specific tissues and provide direct measures
of a tissue cross-sectional area [72]. The CT system comprises an X-ray tube and receiver,
both of which rotate in a perpendicular plane to the patient. Similar to the DXA scan,
X-rays are emitted from the tube and are attenuated as they flow through the targeted
tissues [51,74]. Once the receiver identifies the X-rays, image reconstruction commences
using various mathematical techniques. Pixelated cross-sectional images of the target area
are illustrated in gray scale, which reflects the composition of the tissue and differs based
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on the density of the tissues. Similar to a DXA scan, a CT scan exposes the patient to a
relatively low-dose of radiation, though it is greater than that of DXA. For example, the
average effective dose for a DXA bone density test is 0.001 mSv, while a CT scan of the spine
or pelvis is 6 mSv. This higher exposure dosage makes the frequency of CT scans a limiting
factor. While the CT system uses ionizing radiation, MRI relies on the interaction between
protons and the magnetic fields produced by the MRI system’s instrumentation [51,72,74].
MRI uses the radio frequency signals resulting from the interaction between the protons of
the tissues and the magnetic fields to generate cross-sectional images. Both CT and MRI
provide valid and in-depth body composition information, but these imaging techniques
require expensive scanners, certified, trained technicians to perform the scans, analysis
software, and expertise to quantify the tissue–organ level components of the produced
images. It is worth noting that one drawback of the MRI scan is the adherence of patients
in remaining motionless for long periods of time (e.g., 20–120 min) in a small space with
Nutrients 2021, 13, x FOR PEER REVIEW
9 of 16
potentially loud noises caused by the working equipment. These obstacles
presented by
the MRI system can diminish compliance and make patients uncomfortable during testing.
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3.9. Hydrostatic Weighing (HW)
Hydrostatic weighing (aka underwater weighing, hydrodensitometry) is a foundational body composition method that was considered the “gold standard” for assessing
FM and FFM for decades. HW is based on Archimedes’ principle, which states that when
a body is immersed in water, it is buoyed by a counterforce equal to the weight of the
displaced water (see Figure 7) [50,51]. Basically, the weight of a person (or an object) in
water is less than their mass on land. This difference in weight provides an estimate of body
volume. Muscle and bone are denser than water, while fat tissue is less dense; therefore,
the more the FFM and less FM someone has, the greater their underwater weight will
be, and vice versa. Once the mass and volume of an individual are known, body density
Nutrients 2021, 13, x FOR PEER REVIEW
of 16
can be calculated as mass ÷ volume, and %Fat can be calculated using one of the11
body
composition equations shown above for the SKF method [48,49]:
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Any of the anthropometric and body composition assessment methods can be used to
identify obesity, the most prevalent nutrition-related condition in the U.S. and one for
which treatment and management approaches are implemented frequently. Likewise, this
array of assessment methods can be used to track treatment responses during weight loss
interventions for obesity. Waist circumference, alone or expressed as WHR or WHtR, is
an effective and simple approach for identifying the excess abdominal adiposity that contributes to metabolic conditions such as type 2 diabetes, polycystic ovary syndrome, and
non-alcoholic fatty liver disease. An MRI facilitates the quantification of intra-abdominal
and subcutaneous adipose tissues, which pose distinct metabolic risks. SKF, BIA, and
ADP are excellent options for quantifying the FFM and FM of athletes and for guiding
nutritional strategies to optimize performance. A combination of anthropometric and
more sophisticated assessment methods may be advantageous, particularly when tracking
changes longitudinally in response to a diet or exercise program.
Table 2. Overview of Body Composition Assessment Technique Requirements, Pros, and Cons.
Assessment Method

Body Mass Index (BMI)

Circumferences

Equipment Needed

•
•

stadiometer
scale

•

flexible tape
measure

Time Needed for
Assessment

Pros

≤3 min

•
•
•

quick
simple
inexpensive

≤5 min

•
•
•
•

quick
simple
inexpensive
portable

•
Skinfolds (SKF)

•

skinfold calipers

10–20 min

•
•

•
•

Bioelectrical Impedance
Analysis (BIA)

•
•
•

BIA instrument
stadiometer
scale & electrodes
(for some BIA
instruments)

≤5 min

•
•
•

•

Air Displacement
Plethysmography (ADP)

•

smartphone with
camera & digital
image app

•

BOD POD
instrument
stadiometer
scale

•
•

quantifies reginal
body composition
(some models)
provides an
estimate of body
water
simple for assessor
& individual being
assessed
accessible at home
(some models)
relatively
inexpensive (prices
vary)

•

does not differentiate
between FM and FFM

•

does not differentiate
between FM and FFM

•

technical expertise
required to minimize
intra- and inter-observer
variability
close proximity & skin
contact required with
various body regions
accuracy is compromised
by dehydration, edema,
& muscle wasting

•
•

•
•

accuracy varies across
instruments
contraindicated in
individuals with
implantable electronic
devices due to potential
interference

3D scanner

~ or ~
Digital Image Analysis

accurate when
performed by a
skilled assessor
inexpensive
portable

Cons

1–2 min

≤10 min

•
•
•

quick
simple
portable

•

automated;
minimal technical
expertise needed
minimal effort
needed from
participant

•

•
•

•
•
•
•

limited validation
research
tight-fitting clothing
must be worn
expensive
large space required
minimal and tight-fitting
clothing and swim cap
must be worn
excessive facial or body
hair may introduce error
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Table 2. Cont.
Assessment Method

Equipment Needed

Time Needed for
Assessment

Pros

•

Dual-Energy X-ray
Absorptiometry (DXA)

•

DXA machine

10–30 min

•
•

•
Computed Tomography
(CT)

•
•

CT scanner
analysis software

variable (depends on
regions being scanned)

•
•

•
Magnetic Resonance
Imaging (MRI)

•
•

MRI scanner
analysis software

•

large tank or pool
filled with water
chair suspended
from a scale above
the tank
spirometer
metabolic cart or
nitrogen washout
system (for residual
lung volume)
scale (for body weight
on land)
nose clips

variable (depends on
regions being scanned)

•

•

Hydrostatic Weighing
(HW)

•
•

•
•

30–45 min

•
•

quantifies bone
mineral content &
bone mineral
density, in
addition to FM &
non-bone lean
mass
high reliability
minimal effort
needed from
participant
quantifies tissue
cross-sectional
area
high validity
minimal effort
needed from
participant
quantifies
abdominal FM
and other regions
of interest
high validity

accurate
validated

Cons

•
•
•
•

•
•
•
•

expensive
personnel training &
certification required
low-level radiation
exposure
contraindicated during
pregnancy

expensive equipment
personnel training &
certification required
radiation exposure
contraindicated during
pregnancy

•
•

expensive equipment
personnel training &
certification required

•

expensive, sophisticated
equipment, set-up, &
maintenance required
technical expertise
required
uncomfortable for
participant
not feasible for individuals
who fear being underwater

•
•
•

The accuracy of body composition assessment is optimized if the individual follows
specific pre-testing guidelines: (a) no food within 8 h of testing, (b) no water within 2 h of
testing, (c) no exercise within 24 h of testing, (d) no alcohol consumption within 48 h of
testing, and (e) empty the bladder/bowels within 30 min before testing. It is recommended
to perform body composition assessments in the morning after an overnight fast, which
helps to ensure that these conditions are met. Additionally, adequate (but not excessive)
hydration is important for accurate assessment and can be estimated by checking the color
of urine; if the urine color is dark, the individual should drink water and wait 30–45 min
before being assessed (when feasible) [50,51]. Although accuracy is arguably the most
important factor when choosing a body composition method, accessibility and expense are
important considerations.
5. Conclusions
All of the body composition assessment techniques discussed in this article have some
level of scientific literature validating them. Nevertheless, each of the aforementioned
methods has limitations and all methods provide estimates of body composition that
are dependent on a range of assumptions. Finally, it is worth noting that quantifiable
and clinically meaningful changes in body composition take time to occur; therefore, the
frequency of assessments should be determined based on the individual, the intervention,
and the goals to be achieved. In summary, body composition assessment is an important
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tool for the identification of common nutrition-related conditions that impact individual
and public health and provides valuable information about responses to treatment.
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Sözen, T.; Özışık, L.; Başaran, N.Ç. An overview and management of osteoporosis. Eur. J. Rheumatol. 2017, 4, 46–56. [CrossRef]
[PubMed]
Packard, P.T.; Heaney, R.P. Medical nutrition therapy for patients with osteoporosis. J. Am. Diet. Assoc. 1997, 97, 414–417.
[CrossRef]
Tucker, K.L. Osteoporosis prevention and nutrition. Curr. Osteoporos. Rep. 2009, 7, 111–117. [CrossRef] [PubMed]
Ganapathy, A.; Nieves, J.W. Nutrition and sarcopenia-what do we know? Nutrients 2020, 12, 1755. [CrossRef]
Prado, C.M.; Lieffers, J.R.; McCargar, L.J.; Reiman, T.; Sawyer, M.B.; Martin, L.; Baracos, V.E. Prevalence and clinical implications
of sarcopenic obesity in patients with solid tumours of the respiratory and gastrointestinal tracts: A population-based study.
Lancet Oncol. 2008, 9, 629–635. [CrossRef]
Hsu, K.J.; Liao, C.D.; Tsai, M.W.; Chen, C.N. Effects of exercise and nutritional intervention on body composition, metabolic
health, and physical performance in adults with sarcopenic obesity: A meta-analysis. Nutrients 2019, 11, 2163. [CrossRef]
van de Worp, W.R.P.H.; Schols, A.M.W.J.; Theys, J.; van Helvoort, A.; Langen, R.C.J. Nutritional interventions in cancer cachexia:
Evidence and perspectives from experimental models. Front. Nutr. 2020, 7, 1329. [CrossRef]
Dev, R. Measuring cachexia-diagnostic criteria. Ann. Palliat. Med. 2019, 8, 24–32. [CrossRef]
Gullett, N.P.; Mazurak, V.C.; Hebbar, G.; Ziegler, T.R. Nutritional interventions for cancer-induced cachexia. Curr. Probl. Cancer
2011, 35, 58–90. [CrossRef]
Arends, J.; Baracos, V.; Bertz, H.; Bozzetti, F.; Calder, P.; Deutz, N.; Erickson, N.; Laviano, A.; Lisanti, M.; Lobo, D.; et al. ESPEN
expert group recommendations for action against cancer-related malnutrition. Clin. Nutr. 2017, 36, 1187–1196. [CrossRef]
Naumann, P.; Eberlein, J.; Farnia, B.; Liermann, J.; Hackert, T.; Debus, J.; Combs, S.E. Cachectic body composition and inflammatory markers portend a poor prognosis in patients with locally advanced pancreatic cancer treated with chemoradiation. Cancers
2019, 11, 1655. [CrossRef]
Cho, K.H.; Han, E.Y.; Lee, S.A.; Park, H.; Lee, C.; Im, S.H. Feasibility of bioimpedance analysis to assess the outcome of complex
decongestive therapy in cancer treatment-related lymphedema. Front. Oncol. 2020, 10, 111. [CrossRef] [PubMed]
Mehrara, B.J.; Greene, A.K. Lymphedema and obesity: Is there a link? Plast. Reconstr. Surg. 2014, 134, 154e–160e. [CrossRef]
[PubMed]
Merli, P.; Furnari, R.; Fadda, M.; De Francesco, A.; McConnell, R.; Massazza, G. Role of bioelectrical impedance analysis in the
evaluation of patients with upper limb lymphedema. Lymphat. Res. Biol. 2020, 18, 555–559. [CrossRef] [PubMed]
Guest, J.F.; Panca, M.; Baeyens, J.-P.; de Man, F.; Ljungqvist, O.; Pichard, C.; Wait, S.; Wilson, L. Health economic impact of
managing patients following a community-based diagnosis of malnutrition in the UK. Clin. Nutr. 2011, 30, 422–429. [CrossRef]
Thibault, R.; Pichard, C. Nutrition and clinical outcome in intensive care patients. Curr. Opin. Clin. Nutr. Metab. Care 2010, 13,
177–183. [CrossRef]
The National Heart. Executive summary of the clinical guidelines on the identification, evaluation, and treatment of overweight
and obesity in adults. Arch. Intern. Med. 1998, 158, 1855–1867. [CrossRef]
Tuttle, M.S.; Montoye, A.H.K.; Kaminsky, L.A. The benefits of body mass index and waist circumference in the assessment of
health risk. ACSM’s Health Fit. J. 2016, 20, 15–20. [CrossRef]
World Health Organization. Waist Circumference and Waist-Hip Ratio: Report of a WHO Expert Consultation, Geneva, 8–11 December
2008; World Health Organization: Geneva, Switzerland, 2011.
Goodwin, S. The practical guide to the identification, evaluation and treatment of overweight and obesity in adults. Clin. Nurse
Spec. 2002, 16, 164. [CrossRef]
Jackson, A.S.; Pollock, M.L. Practical assessment of body composition. Phys. Sportsmed. 1985, 13, 76–90. [CrossRef] [PubMed]
Jackson, A.S.; Pollock, M.L. Generalized equations for predicting body density of men. Br. J. Nutr. 1978, 40, 497–504. [CrossRef]
[PubMed]
Jackson, A.S.; Pollock, M.L.; Ward, A. Generalized equations for predicting body density of women. Med. Sci. Sports Exerc. 1980,
12, 175–181. [CrossRef] [PubMed]

Nutrients 2021, 13, 2493

48.
49.
50.
51.
52.

53.

54.

55.
56.

57.

58.
59.
60.
61.
62.

63.

64.
65.
66.
67.
68.

69.
70.
71.
72.

15 of 16

Siri, W.E. Body composition from fluid spaces and density: Analysis of methods. Nutrition 1961, 9, 480–491.
Brozek, J.; Grande, F.; Anderson, J.T.; Keys, A. Densitometric analysis of body composition: Revision of some quantitative
assumptions Ann. N. Y. Acad. Sci. 1963, 110, 113–140. [CrossRef]
Heyward, V.H.; Wagner, D.R. Applied Body Composition Assessment; Human Kinetics: Champaign, IL, USA, 2004.
Heymsfield, S.; Lohman, T.; Wang, Z.; Going, S.B. Human Body Composition; Human Kinetics: Champaign, IL, USA, 2005;
Volume 918.
Campa, F.; Toselli, S.; Mazzilli, M.; Gobbo, L.A.; Coratella, G. Assessment of body composition in athletes: A narrative review
of available methods with special reference to quantitative and qualitative bioimpedance analysis. Nutrients 2021, 13, 1620.
[CrossRef]
Anderson, L.J.; Erceg, D.N.; Schroeder, E.T. Utility of multifrequency bioelectrical impedance compared with dual-energy x-ray
absorptiometry for assessment of total and regional body composition varies between men and women. Nutr. Res. 2012, 32,
479–485. [CrossRef]
Moon, J.R.; Stout, J.R.; Smith-Ryan, A.E.; Kendall, K.L.; Fukuda, D.H.; Cramer, J.T.; Moon, S.E. Tracking fat-free mass changes in
elderly men and women using single-frequency bioimpedance and dual-energy X-ray absorptiometry: A four-compartment
model comparison. Eur. J. Clin. Nutr. 2013, 67 (Suppl. 1), S40–S46. [CrossRef]
Neovius, M.; Hemmingsson, E.; Freyschuss, B.; Uddén, J. Bioelectrical impedance underestimates total and truncal fatness in
abdominally obese women. Obesity 2006, 14, 1731–1738. [CrossRef]
Gába, A.; Kapuš, O.; Cuberek, R.; Botek, M. Comparison of multi- and single-frequency bioelectrical impedance analysis with
dual-energy X-ray absorptiometry for assessment of body composition in post-menopausal women: Effects of body mass index
and accelerometer-determined physical activity. J. Hum. Nutr. Diet. 2015, 28, 390–400. [CrossRef]
Chen, K.-T.; Chen, Y.-Y.; Wang, C.-W.; Chuang, C.-L.; Chiang, L.-M.; Lai, C.-L.; Lu, H.-K.; Dwyer, G.B.; Chao, S.-P.; Shih, M.-K.;
et al. Comparison of standing posture bioelectrical impedance analysis with dxa for body composition in a large, healthy chinese
population. PLoS ONE 2016, 11, e0160105. [CrossRef]
Lukaski, H.C.; Siders, W.A. Validity and accuracy of regional bioelectrical impedance devices to determine whole-body fatness.
Nutrition 2003, 19, 851–857. [CrossRef]
Stone, T.; Wingo, J.; Nickerson, B.; Esco, M. Comparison of bioelectrical impedance analysis and dual-energy x-ray absorptiometry
for estimating bone mineral content. Int. J. Sport Nutr. Exerc. Metab. 2018, 28, 1–16. [CrossRef] [PubMed]
LaForgia, J.; Gunn, S.; Withers, R.T. Body composition: Validity of segmental bioelectrical impedance analysis. Asia Pac. J. Clin.
Nutr. 2008, 17, 586–591.
Nickerson, B.S.; Tinsley, G.M. Utilization of bia-derived bone mineral estimates exerts minimal impact on body fat estimates via
multicompartment models in physically active adults. J. Clin. Densitom. 2018, 21, 541–549. [CrossRef] [PubMed]
Kyle, U.G.; Bosaeus, I.; De Lorenzo, A.D.; Deurenberg, P.; Elia, M.; Gómez, J.M.; Heitmann, B.L.; Kent-Smith, L.; Melchior,
J.-C.; Pirlich, M.; et al. Bioelectrical impedance analysis-part II: Utilization in clinical practice. Clin. Nutr. 2004, 23, 1430–1453.
[CrossRef] [PubMed]
Tinsley, G.M.; Moore, M.L.; Benavides, M.L.; Dellinger, J.R.; Adamson, B.T. 3-Dimensional optical scanning for body composition
assessment: A 4-component model comparison of four commercially available scanners. Clin. Nutr. 2020, 39, 3160–3167.
[CrossRef]
Dempster, P.; Aitkens, S. A new air displacement method for the determination of human body composition. Med. Sci. Sports
Exerc. 1995, 27, 1692–1697. [CrossRef]
Vescovi, J.D.; Hildebrandt, L.; Miller, W.; Hammer, R.; Spiller, A. Evaluation of the BOD POD for estimating percent fat in female
college athletes. J. Strength Cond. Res. 2002, 16, 599–605.
Bentzur, K.M.; Kravitz, L.; Lockner, D.W. Evaluation of the BOD POD for estimating percent body fat in collegiate track and field
female athletes: A comparison of four methods. J. Strength Cond. Res. 2008, 22, 1985–1991. [CrossRef]
Vescovi, J.D.; Zimmerman, S.L.; Miller, W.C.; Hildebrandt, L.; Hammer, R.L.; Fernhall, B. Evaluation of the BOD POD for
estimating percentage body fat in a heterogeneous group of adult humans. Eur. J. Appl. Physiol. 2001, 85, 326–332. [CrossRef]
Liao, Y.-S.; Li, H.-C.; Lu, H.-K.; Lai, C.-L.; Wang, Y.-S.; Hsieh, K.-C. Comparison of bioelectrical impedance analysis and dual
energy x-ray absorptiometry for total and segmental bone mineral content with a three-compartment model. Int. J. Environ. Res.
Public Health 2020, 17, 2595. [CrossRef] [PubMed]
Pietrobelli, A.; Formica, C.; Wang, Z.; Heymsfield, S.B. Dual-energy x-ray absorptiometry body composition model: Review of
physical concepts. Am. J. Physiol. 1996, 271 Pt 1, E941–E951. [CrossRef]
Moon, J.R. Body composition in athletes and sports nutrition: An examination of the bioimpedance analysis technique. Eur. J.
Clin. Nutr. 2013, 67 (Suppl. 1), S54–S59. [CrossRef] [PubMed]
Forslund, A.H.; Johansson, A.G.; Sjödin, A.; Bryding, G.; Ljunghall, S.; Hambraeus, L. Evaluation of modified multicompartment
models to calculate body composition in healthy males. Am. J. Clin. Nutr. 1996, 63, 856–862. [CrossRef]
MacDonald, A.J.; Greig, C.A.; Baracos, V. The advantages and limitations of cross-sectional body composition analysis. Curr.
Opin. Support. Palliat. Care 2011, 5, 342–349. [CrossRef] [PubMed]

Nutrients 2021, 13, 2493

73.
74.

16 of 16

Smith, S.; Madden, A.M. Body composition and functional assessment of nutritional status in adults: A narrative review of
imaging, impedance, strength and functional techniques. J. Hum. Nutr. Diet. 2016, 29, 714–732. [CrossRef]
Heymsfield, S.; Ross, R.; Wang, Z.; Frager, D. Imaging techniques of body composition: Advantages of measurement and new
uses. In Emerging Technologies for Nutrition Research: Potential for Assessing Military performance Capability; Carlson-Newberry,
S.J., Costello, R.B., Eds.; Institute of Medicine (US) Committee on Military Nutrition Research: Washington, DC, USA, 1997;
pp. 127–150.

